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ABSTRACT
A study of the availability of native and radioactive fertilizer 
phosphorus was conducted in 1956 and 1957 at the University of Houston 
using Lake Charles clay in pots planted to oats. The yields at 4- 
harvest periods from replicated pots, treated with 12-12-*12 and 12-0-12 
fertilizers, each banded and each mixed with the soil, were studied in 
relation to absorption of phosphorus. Phosphorus fixation, as related 
to time of fertilizer contact with the soil, was determined# The re­
lationships of phosphorus obtained from the soil by different extract­
ants to phosphorus absorbed by plants and to Fried and Dean A-values 
were observed•
The greater yield of oats at all harvests from each 12-12-12 
treatment, as compared to the yield from the respective 12-0-12 treat­
ment, was highly significant. Yield of oats from the 12-12-12-banded 
treatment at each of the forage harvests was significantly higher than 
that from the 12-12-12-mixed treatment. No significant difference 
occurred between grain yields from the 12-12-12-banded and the 12-12-12- 
mixed treatments. Neither forage or grain yields from the 12-0-12-banded 
and the 12-0-12-mixed treatments were significantly different at any 
harvest.
The phosphorus content of plants treated with phosphorus was higher 
throughout the experiment than the phosphorus content of plants not 
treated with phosphorus. Until the 8-week harvest, the phosphorus con-
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tent of plants receiving the 12-12-12-banded treatment was higher than 
that of plants receiving the 12-12-12-mixed treatment. Following this 
period, no appreciable differences occurred in phosphorus content of 
plants from the two treatments.
During the period of observation, more fertilizer phosphorus was 
absorbed by plants in the 12-12-12-banded treatment than was absorbed 
by plants in the 12-12-12-mixed treatment. More soil phosphorus, how­
ever was absorbed by oats in the 12-12-12-mixed treatment• Fried and 
Dean A-values from the 12-12-12 treatments were higher than the actual 
amounts of phosphorus absorbed by plants from the 12-0-12 treatments.
Only a slight tendency toward additional phosphorus fixation 
occurred after 4 weeks following mixing fertilizer with the soil.
Phosphorus extracted from the soil by use of the 0.1 N HC1 + 0.03 
N NH^F solution more nearly characterized the phosphorus available to 
plants than that extracted by either of the other extractants. Phospho­
rus values obtained by using the 0.1 N HC1 + 0.03 N NH^F solution com­
pared favorably with Fried and Dean A-values.
Phosphorus movement from the fertilizer band during the period of 
observation was negligible.
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INTRODUCTION
With the population of the United States increasing at a rate in 
excess of two and one-half millions of people per year and with the 
normal life expectancy of man rising, demand for farm products will 
continue at a high level for many decades* Eventhough production may 
occasionally exceed demand, higher and higher yields of crops must be 
sought to provide food and clothing for a rapidly increasing population 
which has relatively little additional acreage from which to obtain more 
of the necessities of life* The perennial cost-priee squeeze on the 
farmer is demanding that he learn as much as he can about kinds and a— 
mounts of fertilizers to use as well as about methods for application
of fertilizers for the production of maximum yields« ---
The responsibility for providing accurate information concerning 
kinds, amounts and methods of placement of fertilizers rests upon the 
soil scientists who must continue to search for better chemicals, machines 
and methods for fertilizer application. Better methods for making soil 
tests which will give more definite data as bases for fertilizer recommen­
dations sure needed*
Of the three major essential plant nutrient elements, nitrogen 
phosphorus and potassium, phosphorus may be considered to be the most 
critical because of the relatively low amount of it in average soils and 
because of the relatively low solubility of it.
Many cultivated soils in the southern part of the United States have
1
2received five to six times the amount of phosphorus in fertilizers as 
has been removed by crops# An accumulation of phosphorus has therefore 
occurred in many of these older cultivated soils, This accumulated 
phosphorus apparently becomes slowly available to subsequent crops but 
the availability is of a very low degree.
Rarely over thirty per cent of applied phosphorus finds its way 
into the crop during the season of its application and relatively less 
of the residual phosphorus is available to later crops. In some soils, 
particularly in those having a high phosphate fixing capacity, new 
materials and better methods for their application are needed to in­
crease the efficiency of the use of phosphorus by the crops, Chemioal 
agents which will extract phosphorus in amounts that can be correlated 
with the amounts removed by crops are also of major importance.
The purposes of this experiment have been to study the effects of 
fertilizer placements on phosphorus content and yield of oats grown in 
Lake Charles clay, to determine the relationships between soluble 
phosphorus obtained with three different extracting agents, the ferti­
lizer and soil phosphorus absorbed by the oats and their relationships 
to crop yield and to ascertain the degree to which applied phosphorus is 
fixed with respect to time.
1REVIEW OF LITERATURE
Lake Charles clay soil occupies an important agricultural position 
among the Coastal Prairie soils of Louisiana and Texas (11, 34» Si)P 
Carter (ll) states that the soils of the Coastal Prairie of Texas have 
been developed largely from marl under a heavy grass cover. He states 
that most of the dark-colored Coastal Prairie soils are of the Lake 
Charles series. He reports the Lake Charles soils to be black to dark- 
gray in color, with dark-gray heavy clay subsoils in many places resting 
on marl or slightly calcareous clay at a depth of several feet. He 
found the soils to be deep and in most places slightly acid in reaction. 
These soils occupy large smooth nearly flat areas of great uniformity in 
surface relief and soil character. He says that the principal soil is 
the clay. Fraps (34) reports the following concerning Lake Charles clay 
soil samples taken in the Coastal Prairie Region in Jefferson County, 
Texas*
Phosohoric Acid* Potash* &Acid-soluble
Total Active Total Acid-soluble Active Nitrogen* lime
Surface 800 73 11000 
soil
7400 239 2680 11200
Subsoil 1340 19 12200 6800 223 1600 10000
The availability of soil and of fertilizer phosphorus to plants is 
of great importance. An excellent review of literature on this subject 
has been presented by Pierre and others (74) • Total phosphorus in 
agricultural soils normally varies from 400 parts per million to 1000
3
parta per million. Phosphorus normally considered to be available to 
to plants may vary from a few part3 per million to 300 parts per million 
depending on the soil and the method used for the determination of 
"available1* phosphorus (10, 21, 31, 90, 99)» Parker (69) found corn 
plants to grow normally in culture solutions containing 0*25 p.p«>m. P0^ 
provided this concentration was constantly maintained. Growth was re­
stricted at 0,1 p.p.m. P0^* Fried, Hagen, Saiz Dal Rio and Leggett (38) 
found phosphorus absorption rate by an acre of plants to be less than 
soil solution phosphorus formation rate by a factor of at least 250,
Dean and Rubins (23), in studies concerning absorption of phosphorus by 
plants from a clay-water system, found no evidence of a contact exchange 
or other contact effect between plant roots and clay particles which 
affected the rate of absorption of phosphorus from olay-water systems.
It appeared to them that under certain conditions roots of plants lose 
phosphorus to a surrounding clay-water system. Dean and Gledhill (21) 
believe that a reduced phosphate absorption by roots in contact with 
dry soil may occur as a result of alterations in the physiology of 
roots. Kittrick and Jackson (53) suggest that the increase in soil 
phosphate surface area accounts for the beneficial effects of phosphate 
fertilization once the fertilizer has reacted with the soil. Islam (49) 
believes that the absorption of adsorbed phosphorus by plantB is in­
creased by increasing the degree of saturation of the colloid with 
respect to phosphorus. Lewis, Jordan and Juve (55) found phosphate 
fertilization to increase the availability of soil phosphorus.
Many theories concerning the forms of phosphorus in soils and the 
mechanisms of retention and release of phosphorus by soils have been
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published in recent years (4, 16, IS, 19, 20, 25, 35, 46, 72, 76, 79,
SO, 95, 102, 104), The recovery of fertilizer phosphorus by the crop
that is planted Immediately after the fertilizer application amounts
to only 10 to 30 per cent of the quantity added to the soil, according
to Hemwall (43), and the remaining 70 to 90 per cent has been assumed
to be consumed by microorganisms, precipitated by soluble cations in
the soil solution, or sorbed by the soil complex. Hemwall further
states that it is now generally accepted that the part played by soil
microorganisms is relatively minor and that chemioal precipitation and
physicochemical sorption play the major roles. Jackson (50), however,
reports average conversions of applied phosphate into organic form to
be as high as 20 to 30 per cent in the top inch of soil. In recently
formed alluvium he found only negligible conversion to organic form*
Ravikovltch (78), in a study of the influence of exchangeable cations
on the availability of phosphate in Boils, arranged cations in the
following order according to their effectiveness in PO^ adsorptions
Ca>Mg>H>NH^>Na. He found the combination of the soil complex with
the PQ ion and exchangeable calcium to be very unstable under the 
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action of very weak acids. He found the availability of the PO^ ion 
adsorbed by the H-complax to be low. Scarseth (87), in a study with 
natural alumino-eilicate colloids, found the phosphate ions to be re­
placed by OH and SiO^ anions. He believed that phosphates retained 
at the pH values 5.5 - 6.1 trere sorbed on the colloidal surfaces of 
the alumino-silioate by the aluminum valence. Stout (93), from an X- 
ray analysis of alterations in the crystal structure of clay minerals,
concluded that measurements of the loss of *®ter from the system of 
kaollnite and from the system of kaolinite plus potassium acid phosphate 
accounted for the exchange of phosphate ions for hydroxyl ions of the 
crystal lattice of kaollnite. He states that kaolinite has a sheet of 
hydroxyl ions at one side of the basal cleavage plane and a sheet of 
oxygen ions on the other and that bentonite is composed of mica or 
pyrophy11ite-like layers and has a sheet of oxygen ions on both sides 
of the basal cleavage plane. He suggests that the relative abilities of 
kaolinite and bentonite to fix phosphate are related to the hydroxyl 
ions available for exchange with phosphate ions. Russell and Low (85), 
in an experiment concerned with reactions of phosphate with kaolinite, 
concluded that aluminum adsorbed on the colloidal surface precipitates 
added phosphate as an aluminum phosphate on the kaolinite surface*
Ellis and Truog (29) present evidence which indicates that phosphorus 
fixed by calcium-saturated montmorillonite is fixed as calcium phosphate 
complexes and not by a HgPO^-Ga-clay bonding as has been proposed* Ford 
(32) found phosphorus fixed by soils as calcium and magnesium phosphates 
to be readily soluble in weak solvents and, therefore, readily available 
to plants. He found the phosphorus fixed as ferric and aluminum 
phosphates by ferric and aluminum hydroxides, chlorides or sulfates to 
be at least in part easily hydrolizable and available to plants while 
that fixed by limonite was very insoluble and only slowly available to 
plants. Searseth and Tidmore (88) found the amount of available 
phosphate in soil colloids to vary directly with the silica-sesquioxlde 
ratio of the colloids. Hemwall (44) obtained results which indicated
that phosphorus is fixed in soils as AlPO^SHgO by reacting with 
soluble aluminum which originates from exchange sites or from lattice 
dissociation of clay minerals.
The effects of such factors as time, temperature, lime content 
and weathering of soils on the degree and kind of phosphorus fixation 
and of phosphorus availability to plants has drawn considerable at­
tention among soil scientists* Kurtz, DeTurk and Bray (54) showed 
that with additional time following phosphate application there was not 
only a gradual increase in the amount of phosphate adsorbed but also a 
gradual change in the status of the adsorbed phosphate. This was shown 
by decreases in the amounts of phosphate which could be removed by 
water and by an increase in the easily acid-soluble fraction. The bulk 
of the added phosphate, however, was retained in the adsorbed form from 
which it was displaced by the fluoride ion in a neutral solution. Sid, 
Black and Kempthome (28), in studying the importance of soil organic 
and inorganic phosphorus to plant growth at low and at high temperatures, 
found that at a soil temperature of 20°C the availability of soil 
phosphorus to plants was limited almost entirely by the inorganic 
fraction. They found that at a soil temperature of 35°C both Inorganic 
and organic fractions were significantly related to the amount of plant- 
available phosphorus. Davis (17), who studied the sorption of phosphates 
by non-calcareous Hawaiian soils, found fixation to be reversed very 
slowly. He considered this to be evidence that the phenomenon of fix­
ation of phosphates cannot be ascribed to adsorption. He found cations 
to be adsorbed along with the phosphate applied and that the degree of
fixation was a function of the hydrogen-ion concentration of the so­
lution* Fraps (35), in a comparison of fixation of phosphorus at 
different temperatures, showed that with some soils, considerable in­
creases in phosphorus-fixation occurred when the temperature increased. 
In an examination of 761 surface soils and 651 subsoils, he found the 
percentages of phosphoric acid fixed increased. Cook (14) found that 
increasing the base saturation of soils by liming caused an increase 
in the amount of readily available soil phosphorus. He also found that 
additions of lime to acid soils lowered the power of those soils to fix 
added phosphorus. PerkinB, Dragsdorf, Lippincott, Selby and Fateley 
(72) found indications that decomposition of the soil clay minerals may 
be responsible for a major part of the phosphate fixation in soils.
Many chemical methods have been used for the determination of 
forms and amounts of phosphorus in soils and in plant tissue (8, 26, 30, 
36, 39, 42, 52, 64, 65, 71, 89, 96, 97, 105). Miller and Axley (64) 
state that chemical methods for determining available phosphorus in 
soils were first studied about a century ago. Baver and Brunner (3), 
in using an ammonium modybdate solution and stannous oxalate for the 
determination of readily soluble phosphorus in MLssouri soils, found 
it necessary to filter soil extracts to remove organic matter. They 
found organic matter to hinder color development and iron-manganese 
concretions to intensify color development when the ammonium molybdate 
was placed in the extracting solution. In this work they concluded 
that no rapid soil test is universally applicable to all soils or soil 
conditions and that the tendancy towards the use of a universal
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extractant for all nutrients is resulting in less reliable data than 
when a specific extractant for each nutrient is used. Dickman and 
Bray (27) report that complete recovery of phosphate added to kaolinite 
was obtained by shaking 1 gram of kaolinite with 50 milliliters of a
0.1 N neutral NH^F solution for 1 minute. They state that some of the 
inorganic form3 of phosphates in soils include water-soluble phosphates, 
calcium phosphates of varying solubilities, iron and aluminum phosphates 
and adsorbed or replaceable phosphates, Weeks and Karraker (101), in a 
comparison of various extracting solutions for measuring the availa­
bility of phosphorus in soils, found that the conditions under which 
the extraction procedure was carried out affected the results to a 
certain extent but generally not enough to change the relation of one 
extractant to the others. Islam (A&)f in a study of the role of the 
solid phase of phosphorus in the nutrition of plants, found low amounts 
of soluble phosphorus in Aiken clay loam, and by comparing the good 
growth from this soil and other soils having relatively high amounts 
of soluble phosphorus, he concluded that solubility is not the only . 
criterion of phosphorus availability and that plants possibly utilize 
fixed phosphorus from the solid phase. Bray and Kurtz (9) state that 
most of the methods employing acids or acids buffered to definite pH 
values have been extracting easily acid-soluble forms more or less 
effectively but have been relatively less effective in extracting the 
adsorbed forms except where these were present in large amounts. 
Furthermore, they state, it has been shown that as these latter forma 
increase in amount their solubility in water increases rapidly which
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explains why the acid reagents remove relatively more of them when they 
are present in high amounts. This also explains why the adsorbed forms 
are the most effective forms of phosphorus in the soil for plants, once 
adequate amounts have been built up, but when they are present in very 
small amounts their solubility is very low and they then appear to be 
relatively ineffective. Bray and Kurtz believe that the only important 
difference between methods of determination of phosphorus in soils lies 
in the extracting solution used. They further state that there is 
little to be gained by applying quantitative methods for phosphorus or 
any other nutrient to a soil extract when the extracting solution has 
not removed the correct forms of the nutrient quantitatively or at 
least in amount proportional to the total present. They used a solution 
of 0.025 N HC1 + 0.03 N NH^F as an extractant for the removal of 
‘•adsorbed" phosphorus, a solution of 0.1 N HC1 + 0.03 N NH^F as an 
extractant for the removal of "adsorbed" and acid-soluble phosphorus 
and a solution of 0.1 N HC1 + 0.5 N NH^F as an extractant for total 
acid-soluble and adsorbed phosphorus. They found that use of a solution 
of 0.1 N HC1 + 0.03 N NH^F gave the best correlation between the values 
obtained and crop responses to added phosphates for the usual corn belt 
crops. Kurtz, DeTurk and Bray (54)9 studying phosphate adsorption of 
Illinois soils, found the phosphate-replacing ability of different 
anions to be in the following orders fluoride> oxalate> citrate^.bi­
carbonate >  borate^ acetate >■ thiocyanate^ sulfate >  chloride. Byrnside 
and Sturgis (10) proposed a modification of Bray*s method for the re­
moval of "adsorbed" and acid-soluble phosphorus and found the proposed
11
method to yield results which were more highly correlated with Response 
of sugar cane to fertilizer phosphorus than the methods of Bray, of 
Truog and of methods involving extracting by use of 0.1 N H^SO^ or 0*1 
N HC1. Reed and Sturgis (82), following work concerned with chemical 
methods for the determination of available nutrients in Louisiana soils, 
report that fairly good agreements with field results were obtained 
from the use of La Motte kits and by means of the laboratory method in­
volving extraction with 0,05 N HC1. They did not find that routine 
sampling, testing and interpretation can be made by persons unfamiliar 
with the techniques of the methods and the nature of the soils and crops* 
Cotton (15) states that quantitative colorimetric estimation of 
phosphorus present in microquantities is carried out almost universally 
by the molybdenum blue reaction and that the reaction is sensitive to 
very small amounts of phosphorus. He postulates the reaction to be as 
follows: Orthophosphate ions catalyze the reduction of soluble
molybdates by stannous chloride or other reducing agent to a blue complex 
having molybdenum present in 5 and 6-valent forms. Rost and Pinckney 
(84), from a study of colorimetric methods for the determination of 
readily available phosphorus in soils, found that using results of tests 
of surface samples only was about as reliable as using results of tests 
obtained from samples of mixed surface soil and subsoil.
Fried and Dean (37) have proposed a method whereby the availability 
of native soil phosphorus may be approximated by the employment of a 
standard containing phosphorus. They summarized this work by stating: 
"The concept that a plant having two sources of a nutrient will absorb
12
Its nutrients from each of these sources in direct proportion to the 
amounts available has the following logical sequence: The quantity of
available nutrient in the soil can be determined in terms of a standard, 
provided the proportion of the nutrient in the plant derived from the 
standard is determined. The mathematical expression of this relation­
ship is
A „ TmSlm 
y
where A ■ amount of nutrient available in the soil; B ■ amount of 
nutrient in the standard; y ■ proportion of the nutrient in the plant 
derived from the standard.1’ The amount of the nutrient in the plant 
derived from the standard may be determined by radioisotope techniques 
(12). This amount may then be divided by the total amount of the 
nutrient in the plant to obtain the proportion of the nutrient in the 
plant derived from the standard.
The use of radioisotopes in soil fertility and plant nutrition 
studies has increased many fold in the past two decades (2, 7, 12, 13, 
41, 63, 68, 75, 92, 103)e Basic concepts and techniques for agri­
cultural use of radioisotopes are presented ty Hendricks and others 
(22, 45, 57, 61, 67, 94, 98)• According to Rabideau (77), radioactive 
isotopes were first used in the study of the absorption and distribution 
of mineral elements by plants in 1923. The isotope, a high energy
beta emitter, lends Itself most admirably to a study of chemical and 
biological systems (12). Comar (12) and McAuliffe (59) have found it 
satisfactory from the standpoint of sensitivity and reproducibility to 
make all assays of the high energy emitters in solution* They note
that one disadvantage of using a dipping-type tube, as compared to the 
thin-mica-window tube used for assay of dry samples, is that the 
dipping-type tube must be brought back to background count following 
each measurement of radioactivity. Howarth (47), in making solution 
counts, found it desirable that the fluid medium be either a solution 
of the substance or a fine, stable, homogeneous suspension which permits 
dilution and the removal of representative samples. He found coarse 
suspensions to give erratic counting rates, due, in part, to drifting 
of suspended material. MacKenzie and Dean (56) found the use of 
briquets to be satisfactory for the assay of P^2 in plant material. 
Briquets were made by pressing approximately 5-gram samples in cylinders 
for 3 minutes at 12,000 pounds per square inch pressure. The resulting 
samples were 1 l/B inch in diameter and approximately 1/4 inch thick.
In a study of radioactivity of briquets prepared identically with weight 
of sample as a variable, MacKenzie and Dean found that infinite thickness 
of sample was reached at approximately 3 grams of sample. Rabideau, 
Whaley and Heimsch (77), in making radioactivity assays of corn plants, 
used circular or rectangular pieces of leaf or internode samples. The 
samples to be compared were taken from similar locations on different 
plants. The leaf and internode samples were glued to microscope slides 
to prevent curling. They found that they were able to obtain results 
from a large number of samples in a relatively short period of time and 
that this method has merit notwithstanding the fact that measurements on 
a comparable weight basis are desirable.
The use of radioisotopes in plant nutrition experiments is justifable
only when it can be shown that the radiation to which the plant is 
exposed has no appreciable effect upon the growth and ion intake of 
the plant (5). Tolbert and Pearson (98) state that, in general, it 
takes several thousand roentgens of external radiation to cause visible 
plant damage but only several hundred roentgens to injure animals.
They add, however, that plants are affected by low levels of radiation 
such as that from because of the facts that P^2 accumulates in the 
growing tips and that the dividing cells there are most sensitive to 
radiation. Blume (5), in a study of the radiation effects on plants 
grown in soil treated with fertilizer containing P ^  in amounts from 
0 to 12,500 microcuries per gram of P ^ ,  found that, eventhough differ­
ences in dry weights of tops, phosphorus content of tops and the per­
centage of phosphorus in tops derived from the fertilizer were sometimes 
significant, the differences were too small to appreciably affect the 
data gained ty the use of the isotope. From a study concerned with 
radiation injury to plants grown in nutrient solutions containing P^2, 
Blume, Hagen and Mackie (6) found that the lowest level at which damage 
was produced corresponded to 5.6 millicuries of P^2 per gram of P g^®  
Other investigators (58, 70, 86) have found varying degrees of plant 
injury during plant nutrition studies involving the use of p32.
The effect of placement of phosphorus on the phosphorus availa­
bility and utilization by plants has been studied considerably during 
recent years. Pesek (73), in a study of the effect of source and 
placement of phosphorus, reports that either broadcasting or drilling 
superphosphate and calcium metaphosphate was an effective means of
supplying additional phosphorus to established meadows. Riewe and Smith 
(83) found phosphate broadcast on Lake Charles clay soil to be utilized 
more efficiently by Dallis grass and white clover than phosphate placed 
in subsurface bands 7 inches apart and 2 inches deep. McAuliffe and 
Bradfield (60) found at the end of the first cutting of Sudan grass that 
plant absorption of phosphorus from superphosphate applied in the 8-10 
inch layer of soil was 45 to 78 per cent as great as that from the 1-3 
inch layer. They reported that phosphorus absorbed from the 14-16 inch 
layer was 10 to 17 per cent as much as that from the surface layer. By 
the third cutting, these absorption percentages had increased to 77-80 
and 38-75 respectively. They sampled the soil profile at half-inch 
intervals and found only slight vertical movement of phosphorus in the 
soil at the end of 3 months. Allen, Speer, and Maloney (l), in a 
phosphate placement study with vetch and wheat, found surface application 
to be unsatisfactory. They found banded phosphate to be most efficiently 
used by wheat when placed at a depth of 8 inches while phosphate placed 
at depths of 2 to 4 inches gave the best results with vetch. In the un­
cropped soil, the availability of phosphata decreased approximately 70 
per cent in 7 months. Jordan, Simkins, Corey, Knight and Baker (51), in 
an experiment concerned with the effect of placement of fertilizer 
phosphorus on the growth of potatoes, reported that band application 
provided more fertilizer phosphorus for plant use in earliest stages of 
growth than did broadcast application. When plants were 6 to 12 inches 
high, however, the broadcast treatment was supplying more fertilizer 
phosphorus than the band treatment.
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Phosphorus applied to soils presumably deficient in phosphorus 
may or may not cause an increase to occur in the phosphorus content of 
plants gro\4ing on those soils* McLean (62) found that phosphate ferti­
lization of oats on Newtonia loam caused an increase in the phosphorus 
content of the oats. Fraps (33) found no relation between the addition 
and the per cent phosphoric acid in corn, millet, mustard or kaffir. 
Others (40, 51, 68, 75) have found widely varying relationships between 
applied phosphorus and phosphorus content of plants expressed as per 
cent.
EXPERIMENTAL 
Materials and Methods
A composite of approximately 800 pounds of Lake Charles clay soil 
was taken from a 5-acre native pasture on the University of Houston 
Demonstration Farm in Pasadena, Texas. Soil type and its location was 
identified in Harris County Soil Survey of 1922. A sample from this 
batch of soil was analyzed by the soil testing laboratory at Louisiana 
State University. Results of this soil analysis are shown below:
Chemical values
Classification 
of results
Reaction - pH 6.1 Medium
Organic matter, % 3.7 High
Total nitrogen, % 0.15 High
Total phosphorus, p.p.m. 187 Low
Available phosphorus, p.p.m. 6 Very low
Available potassium, p.p.m. 182 Medium
Available calcium, p.p.m. 3024 Medium
Available magnesium, p.p.m. 438 High
Results of a particle size analysis of a separate sample of this soil 
are as followsi 9 per cent sand, 35 per cent silt and 56 per cent clay0
After the soil material collected had been air-dried and thoroughly 
mixed, approximately 4-00 pounds were ground with a hand mill and sieved
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to pass a 6-mesh screen. The sieved soil was mixed thoroughly again. 
Samples of this soil vrere sieved to determine aggregate size distri­
bution. The distribution of different aggregate sizes was as follows: 
Aggregate size analysis of Lake Charles clay using United States
Standard Sieves.K/ V-« WXW V C
Sieve number Tyler equivalent
Per cent of 
sample retained
18 16 49.0
AO 35 24.3
60 60 9,0
140 150 11.2
140 or finer 150 or finer 6.5
Thoroughly sieved and mixed soil in the amount of 6.8 pounds was 
weighed for each of 54 containers or pots required for the experiment. 
The containers were tinned cans coated on the inside with clear varnish. 
The pots were 6 inches in diameter and 6.8 inches in height.
There were 4 different fertilizer treatments applied to the soil 
which was then planted to oats:
1. The soil in 12 pots was treated with 1.855 grams per pot or 
1200 pounds per acre of pulverulent 12-0-12 obtained from the United 
States Department of Agriculture Plant Industry Station, Beltsville, 
Maryland. The fertilizer was placed in a horizontal band 0.5 inch wide 
and 1.5 Inches deep. Then on the same day, October 15, 1956, 0.37 gram 
of oats or approximately 14- seed of the Alamo variety were planted in a 
single row in each pot 0.5 inch deep and directly over the band of
19
fertilizer. On an acre basis the amount of oats planted amounted to 
6.5 bushels per acre. The pots were moistened and arranged as de­
scribed later in a cold frame. There were 3 pots or replicates of the 
treatment and these were harvested and soil samples were taken at 4 
different times, 4> 8 and 12 weeks after planting and at maturity. 
Detailed methods of harvesting and of sampling soil are described later.
2. In 12 pots, the soil was treated with 1.855 grams per pot or 
1200 pounds per acre of pulverulent 12-0-12 which was thoroughly mixed 
with the soil. Oat seed in the same amount as described above were 
planted 0.5 inch deep on October 15, 1956, in a single row in each pot. 
Procurement of fertilizer, moistening and harvesting were accomplished 
in the same manner as in Treatment 1. The methods of sampling the soil 
are described later.
3. The 3oil in 12 pots was treated with 1.855 grams per pot or 
1200 pounds per acre of pulverulent 12-12-12. This fertilizer was also 
procured from the United States Department of Agriculture Plant Industry 
Station, Beltsville, Maryland. It analyzed 12.4 per cent 1*2^ 5 or> 
effect, 230.0 mg. of P2°5 or 100.3 mg. of P, or 32.5 p.p.m. of P were 
applied to each pot. Specific activity of this fertilizer upon removal 
from the atomic pile on September 26, 1956, was 0.15 milllcurles per 
gram of P2°5* Placement of fertilizer, planting, moistening and 
harvesting were done in the same manner as in Treatment 1. The method 
of sampling the soil is described later.
4. Each of 12 pots of the soil was treated with 1.855 grams per 
pot or 1200 pounds per acre of pulverulent 12-12-12 which was mixed
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with the 3oil. This fertilizer was also obtained from BeltsviUe and 
had the same activity as that used in Treatment 3. The planting, 
moistening, sampling of soil and harvesting of the series of pots under 
this fertilizer treatment were identical to those given pots in 
Treatment 2.
There were 2 different fertilizer treatments applied to the soil 
which was not planted to oats:
5. The soil in 3 pots was treated with 1.855 grams per pot or 
1200 pounds per acre of pulverulent 12-0-12 which was thoroughly mixed
with the soil. The pots were then moistened and arranged in the cold
frame as described later and soil samples were taken at 4 different 
times, 4» 8, 12 and 22 weeks after application of fertilizer. The 
method of sampling the soil is described later.
6. The soil in 3 pots was treated with 1.855 grams per pot or 
1200 pounds per acre of pulverulent 12-12-12 which was thoroughly mixed
with the soil. This fertilizer was obtained in the same manner and
contained the same amount of and radioactivity as that used in
Treatment 3. Moistening and sampling were done in the same manner as 
for Treatment 5»
All 54 pots were moistened by placing them in Size 2 tubs to which 
distilled water was added to a depth of 4 inches and maintained at that 
level until water had completely moistened the surface of each soil by 
movement through perforations in the bottoms of the pots. Each pot 
was then raised above the water and permitted to drain until dripping 
stopped. The radioactivity of the water drained from the pots treated 
with fertilizer containing P^2 was found to be negligible. This water
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was drained into a sump in an isolated area on the University of 
Houston Demonstration Farm and covered with soil to a depth of 3 feet, 
All treatments were kept under semi-greenhouse conditions in a 
cold frame constructed for the purpose of housing the plants and soil 
used in this study. A photograph of the cold frame appears as Plate 1* 
The cold frame was 6 feet wide and 8 feet long. It was 5 feet high on 
the rear or north side and 4.5 feet high on the front or south side.
The rear wall was of solid board construction. The front and side 
walls were partially made of transparent plastic covered screen of 
approximately 3 mesh tacked to a wooden frame. A cover made also of 
the plastic covered screen was firmly attached to the top of the rear 
of the cold frame and rolled over the top of the cold frame when deemed 
necessary. An elevator platform on which containers were placed was 
raised to its top-most position each morning as shown in Plate 2. The 
platform was lowered each night and during periods of Inclement weather. 
The pots which were not planted to oats were placed at the west end of 
the platform. All other pots were arranged on the platform at random 
and were relocated at random once each week. The soil in all pots was 
kept near the moisture equivalent by watering as needed with distilled 
water. No rain was permitted to fall on the pots.
The oat plants were harvested at each harvest period by cutting the 
tops of the plants from the roots at the soil level. The roots were 
harvested from the pots at each harvest period by washing the soil free 
from the roots in Size 2 tubs. A tub containing soil that was sampled 
and roots that were harvested at the 8-week harvest appears as Plate 3. 
The root harvesting was done by agitating the soil and root mass by
t22
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Plata 1*—  Photograph of the cold frame used to house the oats and soil 
in the various treatments.
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Plate 2.—  Photograph of the cold frame with the elevator platform in 
its top-most position.
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Plate 3«-~ Photograph of a tub used to wash the soil free from the 
roots at each harvest period«
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hand in a tub filled to approximately two-thirds of its capacity with 
water. The roots were then collected on an 13-mesh sieve by pouring 
the water in which the roots were suspended over the sieve. The 
settled soil and roots trapped by settled soil were suspended again 
and the previous step of agitation and root collection was repeated. 
Approximately 10 washings in this manner were required to separate the 
roots from the soil. In collecting the roots, much organic matter was 
also obtained. Approximately 10 washings were required to separate the 
roots from the organic matter and small adhering soil particles. Roots 
from soil samples which were taken previous to the general separation 
of roots from soil were removed by use of a spatula and tweezers. These 
roots were placed with other roots collected from the same pot for dry­
ing and weighing.
Both the tops and the roots were dried in an oven for 4- hours at 
70°C and A hours at 100°C. Then after cooling in a dessicator they were 
weighed and the dry weight of each recorded. The dried tops and roots 
were ground to pass 0.027 inch openings of the screen of a homoloid 
mill. The plant materials were then redried for a short period of time 
and placed in air-tight containers.
Soil samples were taken at each sampling period from each of the 
12 containers in which plants grew and also from the 6 containers which 
were not planted. Composite samples were taken from the mixed treatments. 
In the case of the 12-12-12-banded treatment, soil samples were taken in 
the fertilizer band, 1 inch below the fertilizer band and from the re­
mainder of the soil further than 1 inch from the fertilizer band. The
samples from the 12-12-12-banded treatment were used to determine the 
approximate degree of phosphorus movement in the soil by radioactivity 
determinations. The sample taken at each harvest period from the 
12-0-12-banded treatment was taken from soil further than 1 inch from 
the fertilizer band. All soil samples were air dried and then placed 
in air-tight containers. Moisture determinations were made on the soil 
samples and all results of determinations from the soil samples were 
corrected to oven-dry bases.
For the determination of fertilizer phosphorus obtained by the 
plants, standards of 0,25 gram each were weighed into glass planchets 
1,6 inches in diameter and 0.8 inch in height. The bottom of each 
planchet was flat. In the preparation of these standards, the amounts 
of radioactive pulverulent 12-12-12 and the amounts of non-radioactive 
oat plant material which were thoroughly mixed together for the prepa­
ration of standard curve for radioactivity are shown below in tabular 
form:
Planchet
number
12-12-12 
g./planchet
Phosphorus 
mg./planchet
Non-radioactive plant 
material g./planchet
1 0.0093 0.500 0,2407
2 0.0116 0.625 0.2384.
3 0.0139 0.750 0.2361
4 0.0162 0.875 0.2338
5 0.0186 1.000 0.2314
6 0.0209 1.125 0.2291
7 0.0231 1.250 0.2269
8 0.0254 1.375 0.2246
The mixture of 12-12-12 and plant material uniformly covered the bottom 
in each planchet to an approximate depth of 0,2 inch. Activity of each 
standard was determined and the data was plotted on graph paper. A
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curve was constructed through the points on the graph. An example of 
calibration curves used for the determination of radioactive phosphorus 
in plant samples collected at the 4-> and 12-week periods following 
planting appears as Figure 1.
Since some information was needed on possible sources of error in 
using calibration curves constructed from standards, the effects of 
thickness and area of standards and of care of standards in handling 
on results obtained were studied. Results of activity determinations 
where area of standard was reduced to as low as 50 per cent of normal 
value and where thickness of standard was increased to as much as 200 
per cent of normal value showed deviations reaching to as high as from 
about 0,5 per cent less to about 1.5 per cent greater than results 
obtained with sample in the normal position. It was concluded that some 
of these results were due to chance and that most of the positive devi­
ations which exceeded the absolute value of the negative deviations 
were due to proximity of the sample to the window of the Geiger tube.
Results of radioactivity determinations when the planchet contain­
ing the standard was dropped several times to a bench top from a height 
of 1 inch never deviated more than 0.5 per cent from results of radio­
activity obtained when standard sample was in the normal position and 
undisturbed. Results of about half of the determinations were greater 
and results of about half of the determinations were less than results 
obtained with undisturbed sample. This indicated that deviations were 
due to chance and not due to a tendancy for the ground plant material 
and fertilizer to separate into different horizons.
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Figure 1«—  Example of calibration curve for determining amounts of radio­
active phosphorus in samples.
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Radioactivity of 0,25 gram plant samples of plant tops and of roots 
was determined within a 10-day period following sampling at 4> 8 and 12 
weeks after date of planting. These samples were taken from plant 
materials ground to pass 0.027 inch screen openings and were placed in 
the planchets in the same geometric arrangement as standards.
A Geiger-Muller 64 sealer equipped with an end-window Geiger tube 
housed in a lead-walled sample receiver was used to determine the number 
of beta emissions passing through the window of the Geiger tube. The 
beta emitter was p32 which has a half-life period of 14*3 days. The 
average energy of beta particles emitted by is 1.712 millions of 
electron volts. No corrections were considered to be necessary for self­
absorption since standards and samples were identical in thickness and 
area (12). The curve plotted from data from the standards was a 
straight line which also indicated that no self-absorption was actually 
occurring.
No corrections for coincidence loss were applied during this 
experiment since coincidence corrections may usually be neglected at 
counting rates lower than 10,000 counts per minute (12). In this experi­
ment the highest net activity determined for standards and for plant 
samples was about 2400 counts per minute. Net activity expressed in 
counts per unit time is the total counting rate minus background count­
ing rate.
Length of count of samples was dictated by standard deviation value 
desired for acceptable accuracy. Standard deviation was calculated from 
the following equation (12):
30
counts for
of time adequate 
cent. More 
and all
Standard devi— 
to as high as
3 per cent in the cases of some samples and standards determined follow­
ing the 12-week harvest. This involved counting time up to 3 hours per 
sample. The background throughout the experiment was normally between 
15 and 25 counts per minute.
At the times of counting samples from the 8-week and 12-week harvests, 
only the highest two standards were used for determination of points from 
which a straight-line curve could be constructed. Thi3 reduced the time 
required for determinations and for counting rate corrections. Count­
ing rate corrections were made by use of the following equation (24.) :
_ 3 L . L S S J  0-°-693(t/h) 
dt Idt/t-o
where “ counting rate at time tj counting rate at time t*o;
h 11 half-life period.
All counting rates which were determined at a mean time more than 
6 hours removed from that at which the data for the standard curve was 
obtained were corrected.
1/2
where C„ * total counts for sample in time T_; Cfc * total 8 ©
background in time T-^ .
Net counts above 80 per minute were made for a length 
to reduce the standard deviation of counting rate to 1 per 
than 80 net counts per minute were obtained for all samples 
standards used for the 4-week and 8-week harvest periods, 
action values for net rates of 20 counts per minute ranged
Standard deviation of 
sample counting rate P s - +\ j T  tIJ
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No strictly quantitative method for determination of radioactivity 
in the soil was worked out* However, activity of 1-gram samples of 
soil was recorded in order to ascertain the approximate degree of 
phosphorus movement in the soil. These soil activity determinations 
were made by placing the soil samples in the same type planchets as 
those used for plant activity determinations.
The same 0.25 gram samples used in the determination of fertilizer 
phosphorus absorption by plants were used to determine total phosphorus 
in the plant tissue. The samples were wet ashed by digesting in 10 ml. 
of concentrated nitric acid for hours. The samples were then heated 
at low temperature on a hot plate to approximately 90°C. After the 
plant material had digested, 5 ml. of 60 per cent perchloric acid was 
added to each sample and heat was applied until salts appeared. A 1:1 
mixture of perchloric acid and nitric acid was added and the material 
was again brought to dryness at a low temperature on a hot plate. This 
was repeated as necessary until a clear color appeared and salts were 
white. The salts in each sample were then taken up in 10 ml# of 5 N 
hydrochloric acid. Each sample was then heated, 10 ml. of hot water 
were added, and the solution was immediately filtered through Whatman 
42 filter paper into a 100 ml. volumetric flask. Flasks were then brought 
to volume. A 5 ml. sample of each 100 ml. of solution was placed into 
a 50 ml. volumetric flask or dilutions as indicated by experience were 
made. The 5 ml. sample from the original 100 ml. of solution or from a 
dilution from that solution was diluted to 25 ml. and 4 ml. of a sodium 
metabisulfite solution was added to reduce ferric iron present. When 1
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hour had lapsed following the introduction of sodium metabisulfite,
10 ml* of Truog's ammonium molybdate sulfuric acid solution were added* 
Then 3 drops of a stannous chloride solution were added and the result­
ing solution was brought to volume. Color was allowed to develop for 
10 minutes following introduction of the ammonium molybdate and the 
stannous chloride solutions. Readings were then made on a Bechman 
D. U. Spectrophotometer.
Standards were prepared at each period of determinations. In each 
standard, 5 ml. of a solution containing a known amount of phosphorus 
in the form of KHgPO^ were placed in a 50 ml. volumetric flask. To 
each flask the same reagents were added in the same amounts as were 
added to solutions in flasks of the unknowns. Colors were developed in 
the same manner as for the unknowns. The values obtained from the 
sprectrophotometric readings were plotted on graph paper and a standard 
curve \/as constructed through the points plotted.
Soil samples were analyzed for soluble phosphorus by use of 3 
extractants, 0.1 N HC1 + 0.03 N NH^F, 0.025 N HC1 + 0*03 N NH^F and 0.1 
N HC1. For this purpose, 1 gram of soil and 40 ml. of extracting solution 
were used in each analysis. Hence, a soil:extractant ratio of 1:40 was 
employed. After the soil was placed in the extractant, the mixture was 
shaken for 1 minute and then filtered through Whatman 42 filter paper.
A 25 ml. aliquot from the filtrate was then placed in a 50 ml. volumetric 
flask. Ferric iron was reduced and color was developed in the same 
manner as in the case of plant samples. A standard curve was constructed 
with each extractant by developing standards similar to those developed
33
for the plant material with the exception that, by use of 25 ml. of the 
proper extractant in standards, ions which possibly interfere with 
color development were held at about the same concentration in the 
standards as in the samples.
Film badge service was used throughout this experiment when work­
ing with radioactive materials. A survey meter equipped with a Geiger 
tube on an extension cord was used to monitor each area in which radio­
activity was suspected. All radioactive plant and soil materials used 
throughout the experiment were kept under close observation. After the 
experiment had been completed and after about 17 half-life periods of 
the had passed, all radioactive material was placed in a hole and 
covered with soil to a depth of 3 feet in an isolated area of the 
University of Houston Demonstration Farm, Pasadena, Texas. ,
Yields in forage, in straw and in grain obtained in the study were 
analyzed by analysis of variance method (91). The least difference 
necessary for significance between mean yields was computed.
Yields of oats and results from the analyses of soil and plant 
tissue are given in tables and figures in the following section.
Results and Discussion
In Table 1, which contains data representing the 4-week harvest, 
it may be observed that the average yield of tops of oat plants which 
grew in the 12-12-12 treatments was markedly higher than the average 
yield of tops of oat plants which grew in the 12-0-12 treatments. This 
difference was statistically highly significant. The data are shown 
graphically in Figure 2« A photograph of the plants as they appeared 
on the harvest date is shown as Plate 4o The yield differences may be 
attributed primarily to the fertilizer phosphorus. The magnitude of 
the differences may be attributed largely to the extremely low amount 
of available phosphorus in the soil and to the relatively high amount 
of fertilizer phosphorus applied. The difference between yield of tops 
of plants which grew in the 12-12-12-banded treatment and yield of tops 
of plants which grew in the 12-12-12-mixed treatment was statistically 
significant. It may be noted that the yield from the former treatment 
was over one-'tenth greater than that of the latter treatment. This may 
be accounted for by the proximity of the fertilizer to the oat seeds 
and the effect of this concentrated band of fertilizer on the early and 
rapid development of both the roots and tops of the plants. The differ­
ence in top yields of the 12-0-12-banded and the 12-0-12-mixed 
treatments was not statistically significant. The top growth of the 
plants receiving the 12-0-12-banded treatment, eventhough limited, was 
about one-third greater than that of plants receiving the 12-0-12-mixed
Table l . ~  Effects of soil phosphorus, fertilizer phosphorus and placement on the yield of oats and 
the soil phosphorus and fertilizer phosphorus in the oat plants harvested 4 weeks after 
__________ date of planting.________________________________________________________________
Fertilizer
Method of 
application
Dry wt. Soil P Fertilizer P
Applied P 
Total P absorbed
c?jo % djo JO
Tops of plants
12- 0-12 
11 » n
12- 12-12
ii tt in
Banded
Mixed
Banded
Mixed
0.59
0.45
2.50
2.25
0.091
0.093
0.010
0.033
0.426
0.228
0.091
0.093
0.436
0.261
10.62
5.11
PLOots of plants
12- 0-12 
ii n n
12- 12-12 
11 It 1ST
Banded
Mixed
Banded
Mixed
0,23
0.20
1.15
1.12
0.090
0.069
0.002
0.004
0.131
0.130
0.090
0.069
0.133
0.134
1.50
1.45
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Figure 2.-~* Effects of soil phosphorus, fertilizer phosphorus and 
placement on yield of oats.
M m
Plate 4*~“ Photograph of the oat plants harvested at the 4-week 
harvest period.
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treatment. This indicates some initial advantage of the banded 
treatment over the mixed treatment. The root yields from the various 
treatments were related approximately as the top yields were related.
No statistical treatment was given, however, to root-yield data.
From Table 1 and Figure 3 it may be noted that the per cent of 
total phosphorus in the tops of the plants receiving the 12-12-12- 
banded treatment was over U times that of the 12-0-12-banded treatment 
and that the per cent of total phosphorus in the tops of the plants 
receiving the 12-12-12-mixed treatment was almost 3 times that of the 
12-0-12-mixed treatment. These great differences in the phosphorus 
content of the oat plants may be attributed to the differences in 
phosphorus available to the plants. The per cent of total phosphorus 
in the tops of the plants receiving the 12-12-12-banded treatment was 
considerably greater than that of the plants receiving the 12-12-12- 
mixed treatment. This difference may also be attributed to the differ­
ences in phosphorus available to the plants. In this case availability 
is related to closeness of the fertilizer to the young developing roots 
and it may also be related to the conditions that Lake Charles clay 
has a high phosphorus-fixing capacity and that the likelihood of a 
high amount of phosphorus applied in the band remaining available is 
greater than in the case of phosphorus mixed with the soil. In fact, 
the phosphorus applied in the band practically all remained in the band, 
as indicated by data in Table 8, and probably almost all remained in 
the same chemical form as when applied. The per cent of total phosphorus 
in the roots which grew in the 12-12-12-banded treatment was practically
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Figure 3**~ Effects of soil phosphorus, fertilizer phosphorus and 
placement on phosphorus content of oats*
equal to that of the roots which grew in the 12-12-12-mixed treatment. 
Since the amount of phosphorus in the tops of the plants which grew 
in the 12-12-12-banded treatment was considerably higher than the a- 
mount of phosphorus in the tops of the plants which grew in the 
12-12-12-mixed treatment, it is evident that translocation of phosphorus 
from the roots of plants treated with 12-12-12 which was banded in the 
soil occurred at a more rapid rate than translocation of phosphorus 
from the roots of plants treated with 12-12-12 which was mixed with the 
soil. The per cent of total phosphorus in the roots which grew in the 
12-0-12-banded treatment, eventhough low, was definitely higher than 
that of the roots which grew in the 12-0-12-mixed treatment. This 
indicates that the salts in the band influenced more phosphorus to 
enter the roots than was influenced by the salts in the 12-0-12-mixed 
treatment. Since a high proportion of the roots in the 12-0-12-banded 
treatment which had developed at the time of this harvest were concen­
trated in and near the fertilizer band, it appears that the major 
portion of the soil phosphorus which entered the plants came from in 
and near the fertilizer band. Roots of the plants which grew in the 
12-0-12-mixed treatment developed in a similar zone of the soil but 
extracted less soil phosphorus. Since the phosphorus content of roots 
which grew in the 12-0-12 treatments approached the phosphorus content 
of the tops of plants which the roots supported, it appears that roots 
require a relatively higher amount of the phosphorus absorbed for their 
own development than in cases when phosphorus is not so limited in the
It may be observed from data in Table 1 that the fertilizer 
phosphorus in the tops harvested from the 12—12-12-banded and the 
12-12-12-mixed treatments was in approximately the same ratio as the 
total phosphorus in the tops from the two treatments. In these two 
treatments, the soil phosphorus contributed a very small portion to 
the total phosphorus. Much more soil phosphorus, however, was in the 
tops of plants which grew in the 12-12-12-mixed treatment than was in 
the tops of plants which grew in the 12-12-12-banded treatment. The 
plants which grew in the 12-12-12-mixed treatment were npt in contact 
with such a large supply of phosphorus as were those which grew in 
the 12-12-12-banded treatment and they absorbed more soil phosphorus* 
This may be explained by considering the phosphorus requirement of the 
plants during growth in the 12-12-12-mixed treatment. These plants 
were growing almost as fast as the plants in the 12-12-12-banded 
treatment. The applied phosphorus had apparently become fixed to a 
considerable degree. The expanded root system was in surface contact 
with practically as much soil as was the root system in the 12-12-12- 
banded treatment but did not have nearly as much fertilizer phosphorus 
on which to feed. Since there was a high phosphorus requirement and 
since there \-ras root-soil contact comparable to that in the 12-12-12- 
banded treatment, relatively more soil phosphorus was absorbed. The 
amounts of fertilizer phosphorus and soil phosphorus absorbed are shown 
graphically in Figure
Table 1 shows practically no difference between the per cent 
fertilizer phosphorus or of soil phosphorus in the roots of plants
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Figure - Effects of banding and of mixing 12-12-12 fertilizer on the 
uptake of soil and fertilizer phosphorus by oats*
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which grew in the soil in which 12-12-12 was banded as compared to 
the roots from the soil in which 12-12-12 was mixed.
Data in Table 1 show that the amount of applied phosphorus absorbed 
by the plants which grew in the soil in which 12-12-12 was banded was 
almost twice that of the plants which grew in soil in which 12-12-12 
was mixed. Since fertilizer phosphorus contributed most of the phospho­
rus absorbed by the plants, the explanation given above for the differ­
ence in total phosphorus for these two treatments also applies here.
In Table 2, which contains yield and phosphorus data of plants 
harvested at the 8-week harvest, it may be noted that the average yield 
of tops from the 12-12-12 treatments was over 10 times the average 
yield of tops from the two 12-0-12 treatments. This difference was 
statistically highly significant. The yield data are shown graphically 
in Figure 2, A photograph of the plants as they appeared on the harvest 
date appears as Plate 5. The yield differences between 12-12-12 
treatments and 12-0-12 treatments may be attributed to the fertilizer 
phosphorus. The yield of tops of plants which grew in the soil in 
which 12-12-12 was banded was significantly higher than that of plants 
which grew in the soil in which 12-12-12 was mixed. An explanation for 
this difference is given above in the discussion of the 4"week harvests 
There was no significant difference between the yield of tops of plants 
grown in the 12-0-12-banded treatment and the yield of tops of plants 
grown in the 12-0-12-mixed treatment. The root yields from the various 
treatments were in approximately the same order as the top yields as 
shown by data in Table 2.
Table 2."— Effects of soil phosphorus, fertiliser phosphorus and placement on the yield of oats and 
the soil phosphorus and fertiliser phosphorus in the oat plants harvested 8 -weeks after 
_________ date of planting,___________________________________________ _____ _________
Fertilizer Method of 
application
Qry wt. 
e./pot .
Soil P
«Tt fO
Fertilizer P
cfA>
Total P
cfJ3
Applied P 
absorbed
w
7o
Tops of plants
12-0-12 Banded 1.17 0,098 - 0.098 -
ii n  n Mixed 0.92 0.073 - 0.073 -
12-12-12 Banded 11.96 0.004 0.165 0.169 19.67
i t  n  n Mixed 9.94 0.020 0.149 0.169 14.77
Roots of plants
12-0-12 Banded 0.63 0.048 - 0.048 mm
i i  a  it Mixed 0.50 0.061 - 0.061 -
12-12-12 Banded 4.97 0.004 0.069 0.073 3.42
n  ii n Mixed 4.34 0.009 0.081 0.090 3.50
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Plate 5 Photograph of the oat plants harvested at the 8-week 
harvest period.
The data in Table 2 and Figure 3 show that the per cent of total 
phosphorus in the tops of the plants which grew in soil in which 
12-12-12 was banded dropped to the same value as that of tops of plants 
which grew in soil in which 12-12-12 was mixed. The latter value for 
the 8-week harvest had dropped to about two-thirds of the value of the 
same treatment at the 4-'week harvest. These two percentage values were 
still much greater than those for tops of plants receiving the 12-0-12- 
banded and 12-0-12-mixed treatments. The differences in the amount 
of phosphorus in the plants receiving the 12-12-12 treatments and the 
12-0-12 treatments may be attributed to fertilizer phosphorus. Accord­
ing to Morrison (66), a 1000-pound wintering pregnant beef cow had 
a daily phosphorus requirement of 0.037 pound and a daily dry matter 
requirement of 14«2 to 20,0 pounds. Since the two treatments involving 
the 12-12-12 fertilizer had the same per cent of total phosphorus, 
0.169, a quantity of oats from either treatment equivalent to 17,1 
pounds of dry matter would contain 0.029 pound of phosphorus or about 
eight-tenths of the daily requirement of a 1000-pound wintering pregnant 
beef cow. It can be deduced from values in Figure 3 that a similar 
quantity of oats from  the 12-12-12-mixed treatment would have fully 
met the daily phosphorus requirement in question at the six-week 
stage of growth. At the six-week stage of growth, a like quantity 
of oats which received the 12-12-12-banded treatment would have 
provided considerably more than the daily phosphorus requirement of 
a 1000-pound wintering pregnant beef cow. Oats used for winter graz­
ing in the Texas Gulf Coast Area are normally grazed the first time
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about six weeks after the date of planting. They are then normally 
top-dressed with a nitrogen fertilizer to insure rapid recovery and 
increased growth. Figure 3 indicates the need of a fertilizer that 
also contains phosphorus in order that the phosphorus content of the 
plants will remain at a relatively high level and give a yield above 
that which would be obtained with nitrogen alone. Riewe and-Smith 
(S3), in a pasture fertilization experiment at Angleton, Texas, on 
Lake Charles clay soil, found surface application of phosphorus to 
be satisfactory for established pastures.
The total phosphorus in the roots of oats from the L, treatments 
at the 8-week harvest, as shown in Table 2, bear the same relation­
ships to the total phosphorus in the tops of plants as at the 4.-week 
harvest. The per cent of phosphorus was lower in both the tops and 
roots from all treatments at the 8-week harvest. The values were 
approximately two-thirds of those for the 4,-week harvest. The general 
reduction of the per cent of phosphorus in tops and in roots below 
the 4-~week values appears to be associated with the degree of maturity 
of the plants»
Calculations based on data in Thble 2 reveal that approximately 
one-fourth more of the applied phosphorus was absorbed by the plants 
which grew in the soil in which 12-12-12 was banded than was absorbed 
by the plants which grew in the soil in which 12-12-12 was mixed. 
Calculations using total yield of tops and roots show that plants 
which grew in soil receiving the 12-12-12-mixed treatment absorbed 
over 3 times more soil phosphorus than did the plants which grew in
4&
the soil receiving the 12-12-12-banded treatment. The amounts of 
fertilizer phosphorus and of soil phosphorus absorbed are shown 
graphically in Figure 4-*
Table 3 contains yield and phosphorus data concerning plants 
harvested at the 12-week harvest period. The yield data are shown 
graphically in Figure 2# Plate 6 is a photograph of the plants taken 
at the 12-week harvest period. The 2 rows of plants at the left, which 
were treated with 12-12-12 fertilizer, had developed nitrogen de­
ficiency symptoms. The average of the top yields of the 12-12-12 
treatments was over 11 times the average of the top yields of the 
12-0—12 treatments. These yield differences may be attributed to the 
fertilizer phosphorus. Yield of tops of plants which grew in the 
12-12-12-banded treatment was significantly higher than that of the 
12-12-12-mixed treatment. There was no significant difference in 
yield of tops of plants which were harvested from the 12-0-12-banded 
treatment and from the 12-0-12-mixed treatment. The root yields were 
related to treatment approximately as the top yields were related.
The data in Table 3 and Figure 3 show that the phosphorus content 
of the tops of plants which grew in soil in which 12-12-12 was banded 
dropped to 0.115 per cent which is about two-thirds of the per cent of 
phosphorus in the tops of the plants which grew in the same treatment 
which was harvested at the 8-week period. Approximately the same 
amount of reduction in per cent of phosphorus is noted for the 12-12-12- 
mixed treatment. These reductions in the per cent of phosphorus in tops 
at the 12-week harvest below the 8-week values can be associated with
Table 3.—  Effects of soil phosphorus, fertiliser phosphorus and placement on the yield of oats and 
the soil phosphorus and fertilizer phosphorus in the oat plants harvested 12 weeks after 
_________ date of planting*__________________________ ____________________________________
Fertilizer Method of 
anolication
Dry wt. 
e./pot
Soil P
.
Fertilizer P
%
Total P
rr*
ft
Applied P 
absorbed
cf
lO
Tops of plants
12-0-12 Banded 1.95 0.072 - 0.072 -
I I is Mixed 1.95 0,067 - 0.067 -
12-12-12
/
Banded 23.27 0.012 0.103 0.115 23.90
H U H Mixed 19.73 0.013 0.105 0.118 20.65
Roots of plants
12-0-12 Banded 1.38 0.050 - 0.050 -
ii ii n Mixed 1.30 0.062 - 0.062 -
12-12-12 Banded S. 88 0.005 0.074 0.079 6.55
11 s  #t Mixed 8.96 0.022 0.079 0.101 7.06
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Plate 6.—  Photograph of the oat plants harvested at the 12-week 
harvest period*
the degree of maturity. The average of the per cent phosphorus in 
the tops of plants which grew in the 12-12-12 treatments is about 
two-thirds higher than that of plants which grew in the 12-0-12 
treatments* This difference may be attributed to the fertilizer 
phosphorus. The average of the per cent of phosphorus in the roots 
of plants which were harvested from the 12-12-12 treatments is about 
one-half greater than that of roots of plants harvested from the 
12-0-12 treatments. In the case of the 12-12-12 treatments, the values 
indicating the total phosphorus likely would have been different at 
the 12-week harvest had the plants not developed a nitrogen deficiency. 
There were no appreciable differences between the per cent of total 
phosphorus in the roots at the 12-week harvest as compared to the per 
cent of total phosphorus from the respective treatments at the 8-week 
harvest. As the plants approached maturity, the per cent of phosphorus 
in tops and in roots more nearly approached the same value.
Data in Table 3 show that, at the end of 12 weeks of growth, 30.45 
per cent of the applied phosphorus had been absorbed by the plants 
which received the 12-12-12-banded treatment. The fertilizer phosphorus 
absorbed by plants treated with 12-12-12 mixed in the soil was 27.71 
per cent of the applied phosphorus. Calculations using total yield of 
tops and roots reveal that plants which grew in soil in which 12-12-12 
was mixed absorbed almost one-half more soil phosphorus than did the 
plants which grew in the soil in which 12-12-12 was banded. The amounts 
of fertilizer phosphorus and soil phosphorus absorbed are shown graphi­
cally in Figure 4.
Table 4 shows grain, straw and root yields at maturity. Figure 
2 shows these values graphically. Plate 7 contains a photograph of 
the plants taken at the time of harvest of the plants which received 
the 12-12-12 treatments. The photograph clearly shows the difference 
in stage of maturity of the oat plants. In Figure 2, the last yield 
of tops indicated for each treatment includes both straw and grain. 
Yield differences between grain and straw from the 12-12-12 treatments 
and grain and straw from the 12-0-12 treatments were statistically 
highly significant. There was no significant difference between grain 
yield or straw yield from the 12-12-12-banded and the grain yield or 
straw yield from the 12-12-12-mixed treatments.
From the yield data in Tables 1 through 4 in Figure 2, it may 
be concluded that band placement of 12-12-12 fertilizer gave an in­
crease in forage yield over mixing 12-12-12 fertilizer with the soil. 
It may also be concluded that either banding or mixing the fertilizer 
served equally well for grain production.
The data on phosphorus content in Table 4 show that the per cent 
of total phosphorus in the grain from the 12-12-12-banded and the 
12-12-12-mixed treatments are practically equal. The average of the 
per cent of phosphorus in the grain harvested from the 12-12-12 
treatments is about one-fourth greater than the average of the per 
cent of phosphorus in the grain harvested from the 12-0-12 treatments. 
The average of per cent of phosphorus in the straw harvested from the 
12-12-12 treatments is about one-third higher than that of the straw 
harvested from the 12-0-12 treatments. The average of the per cent of
Table 4.—  Effects of soil phosphorus, fertilizer phosphorus and placement on the yield of oats and 
the phosphorus content of oat plants harvested at maturityt________________________
Fertilizer
Method of 
application
Dry vt?* 
g./pot
Total P
0
P
12-0-12 Banded
Grain
0.37 0.274
ii it n Mixed 0,4.8 0.267
12-12-12 Banded 10.00 0.348
it it rt Mixed 9.86 0.347
12-0-12 Banded
Straw
3.91 0.034
1! * 11 Mixed 4.14 0.034
12-12-12 Banded 42.96 0.048
n s ii Mixed 44.43 0.042
12-0-12 Banded
Roots
1.99 0.053
n n n Mixed 2.09 0.057
12-12-12 Banded 12.90 0.086
ii ii ii Mixed 13.90 0.087
# The plants treated with 12-0-12 were harvested 26 weeks after date of planting. The plants 
treated with 12-12-12 were harvested 22 weeks after date of planting.
## Dry weight in the case of the grain refers to air-dry weight.
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Plate 7»—  Photograph of the oat plants harvested at maturity. The
ripe oats at the left, treated with 12-12-12, were harvested 
on the date of this photograph when 22 weeks old. The plants 
at the right, treated with 12-0-12, were harvested when fully 
headed and ripe at 26 weeks of age.
phosphorus in the roots harvested from the 12-12-12 treatments is
over one-half more than the average of the per cent of phosphorus in
the roots harvested from the 12-0-12 treatments. The higher values
for phosphorus in the grain, straw and roots of oats harvested from
the 12-12-12 treatments, as compared to the values from the 12-0-12
treatments, may be attributed to the.fertilizer phosphorus. The
phosphorus data for tops at maturity plotted in Figure 3 were calculated
from data in Table 4 by including grain and straw together. It may be
observed in Figure 3 that the per cent of phosphorus of both tops and
roots declined generally from the 4-week harvest to maturity. This
indicates that the phosphorus content of plants, in addition to being
a function of available phosphorus in the soil, is a function of the
stage of maturity of the plants.
For the selection of a soil to extractant ratio to be employed in
this study, an investigation was made with the 3 extracting solutions:
0.1 N HC1 + 0.03 N NH.F, 0.025 N HC1 + 0.03 N NH.F and 0.1 N HC1.
4 4
Results of this investigation appear in graphic form in Figure 5» A
time of 1 minute was chosen as the shaking time. Bray and Kurtz (9),
in using the above solutions containing WH^F, used a shaking time of
40 seconds and a soil to extractant ratio of 1:7. They considered
that the 0.1 N HC1 + 0.03 N NH.F solution removed acid-soluble and
4
adsorbed phosphorus and that the 0.025 N HC1 + 0.03 N NH.F solution
4
removed only adsorbed phosphorus. Figure 5 shows curves which were 
plotted from data collected in this study. A soil to extractant ratio 
of 1:40 was chosen for routine phosphorus extraction in the remainder
0.1 N HCI +  0.03N NH4F
■  1 2 - 1 2 - 1 2
0.025 NHCI + 0.03 NNH4F
a  1 2 - 1 2 - 1 2
E
a.
C L
1:801:40 1:60
Soil:Extractant Ratios
1:100
Figure 5o— - Effects of extractants and soil to extractant ratios on the
phosphorus dissolved from Lake Charles clay in which 12-12-12 
and 12-0-12 had been mixed 4- weeks previously.
of the study. Curves plotted in Figure 5 indicate that the Lake
Charles clay contained both acid-soluble and adsorbed forms of phosphorus.
It may be noted from the curves representing phosphorus extracted from
soil treated with 12-0-12 that with none of the soil to extractant
ratios used does the summation of phosphorus extracted with the 0.1 N
HC1 solution and with the 0,025 N HC1 + 0.03 N NH^F solution reach the
value obtained with the 0.1 N HC1 + 0.03 N NH.F solution. This indicates
4
that the 0.1 N HC1 solution did not dissolve as much phosphorus as Bray’s 
"acid soluble" phosphorus, which is the difference in values obtained 
with the 0.1 N HC1 + 0.03 N NK^F and the 0.025 N HC1 + 0.03 N NH^F 
solutions, that the 0.025 N HC1 + 0.03 N NH^F solution did not obtain 
all of the "adsorbed" phosphorus, that re-fixation may have occurred 
or that the extra phosphorus obtained with the 0.1 N HC1 + 0.03 N NH^F 
solution was due to the complementary action of the hydrogen and fluoride 
ions, Upchurch (100) found similar results in studies with Olivier silt 
loam. From curves in Figure 5 representing phosphorus dissolved from 
soil treated with 12-12-12 it may be ascertained that Bray's "acid- 
soluble" phosphorus value was not equalled by the value obtained with 
the 0.1 H HC1 solution at soil to extractant ratios more narrow than 
1:80. Byrnside and Sturgis (10) observed similar tendencies. By com­
paring the relative positions of all of the curves in Figure 5 it may 
be concluded that relatively more of the applied phosphorus occurred in 
fractions other than the acid-soluble.
Table 5 contains soil phosphorus values obtained with the 3 
extractants at the 4 different harvest periods. The small differences
Table 5.—  Relationships of soil phosphorus, fertilizer phosphorus, placement and period of growth 
of oats to the amounts of phosphorus extracted from Lake Charles clay at different 
sampling periods by three extractants.____________________
Fertilizer
Method of 
application Sampling period
0.1 N HC1 + 
0.03 N MH^ F
0.025 N HC1 + 
0.03 N NH^ F 0.1 N HC1
P, p.p*m<, P, p.p.m. P, p.p.m.
12-0-12 Banded** 4 weeks after planting 3.15 0.70 0,94
it ii ii Mixed ii ii it it 3.SO 0.70 1.01
12-12-12 Banded*8* it n it it 5.S2 1.47 1.66
I I! It Mixed ii Bt ti it 17.65 8.91 5.92
12-0-12 Banded 8 weeks after planting 3.16 0.78 1,04
II W- II Mixed it ir ii ti 4.35 0.76 1.21
12-12-12 Banded ii I! n « 4.18 1.18 1.45
it n  n Mixed ii n ii i 12.69 6.99 3.69
12-0-12 Banded 12 weeks after planting 3.63 0.82 0.98
I 1 8 Mixed n ii n a 4.27 0.88 1.09
12-12-12 Banded it it it it 4.79 1.10 1.31
ii ii ii Mixed it it n 10.17 4.86 2.49
12-0-12 Banded At maturity* 3.60 0.85 0,9b
it ii ti Mixed ii it 3.94 0.91 1,02
12-12-12 Banded ii it 4.15 1.21 1.41
it n  ii Mixed ii ti 7.01 3.70 1.93
* The plants treated with 12-0-12 were harvested 26 weeks after date of planting. The plants 
treated with 12-12-12 were harvested 22 weeks after date of planting.
** Samples were taken an inch or more from the fertilizer band.
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between the values obtained for the 12-0-12-banded and the 12-12-12-
banded treatments indicate very little phosphorus movement from the
band. Data in Table 8 strongly support this view. The 0.1 N HC1 +
0.03 N NH.F solution, used for the removal of adsorbed and acid-soluble 
4
phosphorus, more nearly characterized the available phosphorus in the 
soil than did either of the other extractants. Calculations, using 
values of phosphorus obtained with this extractant at the 4-week and 
at the 8-week harvests for the 12-12-12-mixed treatment, indicate that 
plant growth accounted for a reduction of 5.0 p.p.m. in the phosphorus 
value in the soil. Calculations from 4-week and 8-week harves/t data 
in Tables 1 and 2 for the 12-12-12-mixed treatment, show an actual 
plant removal of 4.3 p.p.m. of phosphorus from the soil. Similar 
calculations, using 4-week and 12-week phosphorus data from Table 5, 
show that plants, during this 8 weeks of growth, accounted for a 
reduction in the phosphorus value in the soil of 7.5 p.p.m. Calculations 
using data in Tables 1 and 3> reveal an actual removal of 8.1 p.p.m. of 
phosphorus from the soil during the same period of time. Calculations 
using data from 4-week and maturity periods in Table 5 show that plant 
growth accounted for a reduction in the phosphorus value in the soil of 
10.6 p.p.m., whereas, data in Tables 1 and 4 may be used in calculations 
to show that an actual removal of 18.8 p.p.m. of phosphorus from the 
soil occurred. Calculations using yield and phosphorus-content data 
in Table 4 show an actual removal of 21.1 p.p.m. of phosphorus from the 
soil by plants growing in the 12-12-12-mixed treatment during the period 
of growth from date of planting to maturity. Since the plants actually
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absorbed more phosphorus than the total amount extracted by the 0,1 H 
HC1 + 0,03 N NHjF solution, the extractant which extracted more than 
either of the other extractants, need is indicated for work with this 
extractant at wider soil to extractant ratios and at greater shaking 
times in order to remove the soil phosphorus in greater quantities. 
Further support is added to this view when it is observed in Table 6 
that the quantity of phosphorus extracted from the 12-0-12 treatment 
of the uncropped soil was generally less than 4 p.p.m. by use of the 
0,1 M HC1 + 0.03 N NH^F solution and that the Fried and Dean A-values, 
Table 7, reached above the 5.p*p»m. level.
A good extractant is one which will remove from the soil an a- 
mount of the element proportional to that removed by plants. If th© 
amount removed by the extractant were higher than the amount removed by 
plants, errors in determination and in calibration would have less 
effect on recommendations than when the amount removed by the extractant 
is lower than the amount removed by plants, .
Table 6 contains phosphorus data from soil which was uncropped. The 
information contained in this table indicates that there was very little 
change in the availability of soil and of fertilizer phosphorus during 
the 4 to 22-week period following mixing 12-0-12 and 12-12-12 with the 
soil. Since 32.5 p.p.m. of phosphorus were applied in the case of the 
12-12-12 treatment, it is evident that a considerable portion of the 
applied phosphorus was fixed during the first 4-week period following 
mixing with the soil0
Table 7 shows a continuous increase with time in the Fried and
Table 6.-— Effects of fertilizers mixed veil with Lake Charles clay on the amounts of phosphorus
soluble in three extractants at different sampling periods after application of ferti­
lizers to soil which remained uncropped.
Fertilizer Sampling period
0.1 N HC1 + 
0.03 N NE^ F
0.025 N HC1 + 
0.03 N NH^ F 0.1 ii HC1
P, p.p.m. ?, p.p.m. p, p.p.m.
12-0-12 4 weeks after planting date 3.76 0.93 1.12
12-12-12 i ii n  ii  it 17.49 8.80 5.89
12-0-12 8 weeks after planting date 3.83 0.94 1.19
12-12-12 i ii ii  it ii 16.31 8,03 5.37
12-0-12 12 ii ii i t  n 3.88 0.96 1.20
12-12-12 it ii t i  ii ii 16.92 8.13 5.62
12-0-12 22 weeks after planting date 4.19 0.94 1.16
12-12-12 u it ii r t  ii 15.54 8.34 5.30
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Table 7.—  Fried and Dean A-values and soil phosphorus actually ab-
sorbed without phosphorus being added*
Soil F Soil P
Method of in plants actually
Fertiliser application Sampling period as A-value* absorbed*
p.p.m. p.p.m.
12-0-12 Banded 4 weeks a f te r p lan tin g •M 0 .2 4
ii ri ii Mixed ii it it ii - 0.18
12-12-12 Banded I! it ii ti 0.73 -
ii ii ii Mixed It ii ti it 3.89 -
12-0-12 Banded 8 weeks a f te r p lan tin g - 0.47
ii it ii Mixed ti ii n it - 0.32
12-12-12 Banded ii n n ti 0.94 -
ii it ii Mixed it ii I! it 4.22 -
12-0-12 Banded 12 weeks a f te r p lan tin g - 0.68
ii it n Mixed ti ti n it - 0.68
12-12-12 Banded ii ii ii ii 3.45 -
n ti ii Mixed ti it n ti 5.29 -
12-0-12 Banded At m aturity** - 1.10
ti it  it Mixed ii tt - 1.26
12-12-12 Banded ii ii -
it n  ii Mixed it it
* Both tops and roots of plants used in calculations.
** The plants treated with 12-0-12 were harvested 26 weeks after 
date of planting. The plants treated with 12-12-12 were 
harvested 22 weeks after date of planting.
4-values could not be determined due to the relatively short 
half-life of p32.
Dean A-values for available soil phosphorus in the 12-12-12 treatments. 
The values representing the 12-12-12-banded treatment, however, did 
not closely approach the magnitude of the A-values obtained from the 
12-12-12-mixed treatment until the 12-week harvest. The A-values from 
the 12-12-12-mixed treatment tend to be confirmed by data in Table 6 
concerning the 12-0-12 treatment and the 0.1 N HC1 + 0.03 N NH^F 
solution. If plants from the the 12-12-12 treatments had been analyzed 
for A-values at a later time, higher A-values would likely have been 
found. It is concluded that the A-values obtained from the 12-12-12- 
mixed treatment throughout the period of observation were more highly 
associated with the "available" phosphorus values determined by other 
means than were the A-values obtained from the 12-12-12-banded treatment.
In Table 7 are values of soil phosphorus actually absorbed by 
plants growing in the 12-0-12 treatments. Due to the extremely low 
amount of available soil phosphorus and a possible imbalance among 
fertilizer nutrients created by the application of a 12-0-12 fertilizer, 
the plants treated with 12-0-12 fertilizer vrere unable to absorb as 
much soil phosphorus as the Fried and Dean A-values and other "available" 
phosphorus values determined indicate as being available.
Radioactivity determinations of soil samples shown in Table 8 
indicate that only a very small amount of the phosphorus placed in bands 
moved from the bands to a distance as great as 1 inch from the band. It 
appears that practically all of the phosphorus applied in bands remained 
in the approximate chemical forms as when it was applied or that it 
was fixed in the soil in a relatively small zone near the bands. The
Table 8,— • Movement of phosphorus from banded 12-12-12 fertilizer in lake Charles clay as indicated 
_____  by radioactivity of soil samples.______________ ___________ ____________________
Sampling zone Replicate
Period
4 weeks
after aoolication 
8 weeks 12 weeks
Counts Counts Counts
per man. per min. per man.
In band 1 2007,6 896.8 284.2
1! II 2 2141,8 941*3 296.3
n i o;> 2062.1 862,5 268.4
One inch below band 1 10.1 S. 4 2.6
ti tt i: it 2 8.9 7.3 4.1
it tt n it 3 9-2 5.7 3.8
More than one inch from band 1 9.1 6.0 1,8
n n tt tt tt tt 2 9.3 6 ,4 1.5
it tt it n tt tt •a 8 .4 4.7 2.1
165
high clay content of this soil and the low amount of phosphorus move­
ment strongly indicate a high amount of phosphorus adsorption on the 
clay colloids or chemical precipitation at the colloidal surfaces.
SUMMARY AND CONCLUSIONS
A study was made of the availability of native and fertilizer 
phosphorus in Lake Charles clay. Oats were used as the indicator crop.
The yield of oats as forage at different stages of growth and in 
grain at maturity was studied, and the total phosphorus content of the 
plants was determined at each of 4 harvests. The fertilizer phosphorus 
content of the plants was determined at the first 3 harvests by means of 
radioisotope techniques employing in fertilizer.
Different solutions were used as extractants for the removal of 
phosphorus from the soil. Part of the phosphorus values were used to 
study relationships of phosphorus fixation and time. Other values 
were compared -with actual amounts of phosphorus absorbed by the plants 
and with calculated Fried and Dean A-values.
A study was made of the approximate degree of phosphorus movement 
from the fertilizer band by determination of radioactivity of soil 
samples *
Yields from the 12-12-12-banded and the 12-12-12-mixed treatments 
were significantly greater than yields from the 12-0-12-banded and the 
12-0-12-mixed treatments, respectively, at all harvests. Forage yield 
from the 12-12-12-banded treatment, at each of the first 3 harvests, 
was significantly higher than forage yield from the 12-12-12-mixed 
treatment. There was no significant difference between grain yields 
from the 12-12-12-banded and the 12-12-12-mixed treatments. There was 
no significant difference between yields from the 12-0-12-banded and
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the 12-Q~12-mixed treatments at either harvest period. It x«is con­
cluded that phosphorus is needed in fertilizers for use on Lake 
Charles clay soil, that band placement of a balanced fertilizer will 
produce higher forage yields than mixing the fertilizer with the soil 
and that either mixing or banding fertilizer serves equally well for 
grain production.
The total phosphorus content of the plants which grew in soil 
receiving phosphorus treatment was higher throughout the experiment 
than that of plants which grew in soil receiving no phosphorus. The 
initial difference in phosphorus content between plants receiving the 
12-12-12-banded end the 12-12-12-mixed treatments had disappeared by 
the 8-week harvest. Over the period studied, more fertilizer phospho­
rus was absorbed by plants receiving the 12-12-12-banded treatment than 
was absorbed by plants receiving the 12-12-12-mixed treatment but soil 
phosphorus was absorbed in larger quantities by plants receiving the 
12-12-12-4nixed treatment than was absorbed by plants receiving the 
12-12-12-banded treatment*, It is concluded that phosphorus fertilization 
on Lake Charles clay soil will cause phosphorus content of plants to be 
increased. Band placement, as compared with mixing of fertilizer con­
taining phosphorus with the soil, will account for higher phosphorus 
content of plants for only a few weeks but will effect a yield advantage 
for a longer period.
Only a slight tendancy towards additional phosphorus fixation oc­
curred after the 4-week period in soil which remained uncropped.
Phosphorus extracted from the soil by use of the 0.1 N HC1 + 0.03 N
768
NH.F solution more nearly characterized the phosphorus available to 
4
plants than did that from either of the other two extractants. Values 
obtained with this extractant compared favorably with Fried and Dean 
A-values.
Phosphorus movement from the band during the 12-week period follow­
ing application was negligible. The high clay content of the soil and 
its high phosphorus-fixing capacity apparently accounted for the limi­
tation on phosphorus movement.
This study indicates that the selection or development of a suita­
ble extracting agent for phosphorus is of prime importance. It also 
further supports the fact that radioisotopes are valuable tools for 
use in the acquisition of chemical and biological information not 
readily obtainable by other means.
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